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This report reviews the working principles of the InterOcean S4
electromagnetic current meter and outlines the practical difficulties
and engineering solutions to convert these basic principles into a

working instrument.

Presented are the test procedures and results performed on three
production units placing emphasis on the oceanographic users point of
view. These tests, performed by the Ocean Structures and Moorings
Laboratory, Ocean Engineering Department, Woods Hole Oceanographic
Institution (WHOI), include laboratory, dockside, and both surface and
subsurface mooring tests. S4s are compared to each other and to other
types of current meters in various intercomparison tests.

Results of this evaluation program are next summarized. Also,

suggestions for areas of improvement and further developments are made.

Finally, recommendations for the acceptance, calibration, and burning in
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of new instruments conclude the report.
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1. Introduction

The deployment of instrumentation on moorings in areas of deep
abyssal plains has become standard practice at the Woods Hole
Oceanographic Institution. Interest in recent years has also turned to
surface and high current, near surface moorings. Mooring performance,
longevity and data acquisition on these newer, more vulnerable types of
moorings has not yet been fully tested nor developed to an operational
status. Wave dynamics and strumming due to high currents impose loads
causing fatigue, wear and accelerated corrosion. High drag on mooring
components causes high tension in surface moorings and results in large
dips of subsurface moorings. Through the use of small, low drag, light
weight instrumentation these moorings could be deployed for extended
periods of time with less deterioration and improved performance.

The InterOcean S4 current meter is one such type of "mooring
friendly" instrumentation. It is both light weight and small with a
favorable shape, therefore providing very little additional mooring line
forces.

This paper evaluates the performance of three standard units all
ordered with the temperature and depth option. Our primary goal is to
document the procedures used to help insure $S4 reliapility and accurate
data return. This was accomplished by first learning how to effectively
communicate with the instrument. The next step was to obtain a good
understanding of the instrument's operational and programming charac-

teristics. Tnen, lab tests and calibration of the S4's sensors were
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performed. Comparisons with other instruments of known data return

reliapility and accuracy were completed prior to a two month deployment
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in the Gulf Stream at approximately 37°N and 68°w (See Figure 1).

o
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2. Review of S4 Current Meters Working Principles

[
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Many conventional current meters use rotors or propellers to

measure flow velocity and vanes to measure flow direction with respect
to the instrument casing. A gimballed compass in turn senses the
orientation of the casing with respect to the earth's magnetic field.
Traditionally these instruments suffer from: bearing friction wnich
limits the threshold of measurable currents; uneven rotor acceleration
and deceleration rates; susceptibility to bearing destruction in high
current regimes; rectification due to uneven vane response to wave
action; and limited compass accuracy.

These limitations have lead to the development of newer types of
current neters, free of moving parts, based on either acoustic or
electromagnetic measurements. The working principles of the electro-~
magnetic S4 current weter are hereafter briefly reviewed. The
manufacturer's data and specification sheet can be found in Appendix A.

Electromagnetic current meters measure the voltage resulting from

SR LAY VRIS P S LSS EEBAANAALNSTTERE AP, S S TR . 7, ", CEE.T e s &

] the wotion of the conducting sea water through a magnetic field
: generated by the instrument itself. This voltage, —E?, is the difference
: between the clectromotive potential created in the surrounding volume
| and the small electrical current resistive losses witnin this volume.
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The familiar expression used to calculate this voltage is:

?zjﬂ(?xg—j/ dav

> .
Where V = water velocity
-
B = magnetic field intensity
-’ -
J = electric current
O = sea water conductivity.
dVv = volume element

In practice, the voltage, E (typically microvolts), is far too
small to measure as a dc potential, the most stable of electrodes
commonly exhibiting half-cell potential variations of millivolts. This
problem can be solved by modulating the magnetic field, _B', at a
frequency high with respect to the electrode potential variations thus
permitting synchronous detection of the voltage, —E To this end a coil
is mounted at the instrument equator. A varying current passing through
the coil produces a modulated vertical magnetic field uniformly
distributed in the horizontal plane. Sea water passing through the
field in turn produces a modulated EMF field. Diametrically opposite
pairs of electrodes sense the X and Y components of this field. The
voltage information is then translated by the onboard computer in the X

and Y components, U, and Uy' of the water velocity.

A low power flux gate compass is used to sense the orientation of

the current meter in the earth's magnetic field. If Hx and Hy are the X

and Y components of this field, then the North and East components of
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the water velocity, Un and Ue’ are given by:

R
P ','./S"-"
P As

c

i
”
s
b

2 2,1/2
(UH - UyHy) /(| + Hy )

c
I

2 2,1/2
(UXHy + Uny) / (Hx + Hy )

A microprocessor performs data preconditioning and controls

operating format under user-~initialized EPROM instructions. Oceanic

currents may be recorded as burst samples or vector averages. Optional

o "t
.

S

RPN

parameters such as conductivity, temperature, depth, and tilt may also e
Iy

pbe selected for recording with the current measurements. -'_'r_-:.:"--
RILLN

To perform vector averaging, N samples of Upn and Uy, are ,.,-,-
IR

ol

individually accumulated (added up) where N is any number between 2 and NS
. b‘f—."

W T

65,535 corresponding to intervals between 1 second and 9 hours. At the :-”:“J_
- . (i

)

end of the averaging interval, the accumulated totals are divided by N,

and a single number pair (Un and Ue) is recorded.

Up to 90,000 vector measurements may be stored in 256K bytes of
protected internal solid-state memory. The operating mode may be

progranmed and data retrieved from the S4 without opening the instrument

housing. The batteries which supply the main power to the S4 are housed

in a separate compartment from the electronics. These batteries may be ‘:‘:'.C‘
A Y VY
P
X . . . . . . RS
changed in the field without exposing the electronics to the wdags
P
. , . o . I
environitent. The CI0S solid-state memory is backed up by an independent }f'-;‘,g‘
lithium battery with a ten year life. No data is lost from memory A
“ oA
Lo
Juring main battery replacewent. Up to 2300 hourc continuous logyging is {.‘_-':-';:
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possible using only six (6) lithium "D" size cells. Therefore, the 54
can be deployed, in principle at least, for in excess of three (3)
months in a continuous logging mode or for inore than three (3) yecar:s in
a periodic logging mode between battery changes.

A detailed description of the S4 current meter working principlecs
and performance is presented in the Proceedings of Oceans '83 (Lawcon,

et al., 1983).

3. WHOI Test and Evaluation Program

3.1. General Acceptance and Initial Performance Testing.

The InterOcean 54 current meters are shipped with the battery packs
ordered with the units. Upon receiving each unit it is first inter-
royated using RS232C protocol through an interface box which allow:
communication with a terminal. S4 application software for use with the
P85, HP9826, or IBM PC compatible computers is available from [nter-
Occan Systems. We obtained an early version of the HP85 software for
comnunications and data processing. This program would often quit
running when an improper key was pressed, making the program difficult
to use. Most of our testing and programming of the S4s was therefore
Jone with an HP85 computer using a program developed at HOI.

Gaining experience in programming and offloading data f{romx the 5S4

ic best done while bench testing. Static bench testing is performed by

sinply placing the S4 in the loyging mode. After logging ic completed
thie offload software is tested. With the formulas supplied in the S4's
Owners Manual (InterOcean, 1985), data retrieval and conversion to

enjincering units with other computers is fairly stralght forward. We
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have written programs to offload the S4's data directly into our VAX
system, allowing data processing and subsequent comparison of the S4°'s
data with other instruments also offloaded to the VAX. All of our
comparisons were done using time series plots with comparable sampling
intervals.

One of the most important and relatively simple measurements which
can be made on the bench is the instrument's current drain while in the
record mode. Specific battery drain tests were initially performed
because of frequent premature shutdowns due to excessive current drain
of 50 to 70mA. InterOcean repaired the problems, which were primarily
caused by faulty or defective electronic components.

Battery current drains can very significantly from instrument to
instrument, and therefore should be checked in order to determine
battery life expectancy. With an ammeter in series with the S4's main
battery pack, our S4s measured: #1 = 26mA, #2 = 28mA, and #3 = 35mA.
All subsequent tests and deployments were performed using alkaline "D"
cells, except for one deployment with lithium batteries.

We first performed a battery drain test of S4 #1 at room
temperature. The S4 was programmed for continuous logging with depth
and temperature recorded every 12 hours. Measuring the S4's battery
voltage and current drain twice a day we were able to plot a voltage
versus time curve. The graph resembles the classic alkaline battery
discharge curve.

The total lifetime can be estimated using a simple formula.

Alkaline "D" cells have a room temperature rated capacity of 10 Ah,

which we derate to 8.0 Ah to account for the low operating temperature.

TS, £f A,
N
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Defining a duty cycle, D/C, to be the ratio of cycle time to on time,
instrument lifetime in hours is:

T = (8.0/1) (D/C)
where I is the measured current drain. Calculated lifetime was 12.8
days; observed lifetime was 17.7 days to shutdown, which occured at 6.28
volts.

S4 #1 and #2 were then battery drain tested in our environmental

chamber at approximately 35°F. The S4s were duty cycled 1 minute on, 1
minute off (or a D/C equal to 2). The results of this test were also
very good. S4 #1 shut down at 5.58V after 28.25 days, which is up 10%

from the calculated 25.63 days. S4 #2 shut down at 5.74V after 28.04
days, which is up 18% from the calculated 23.8 days.

From the above battery drain tests, we conclude two major points:
The S4s do operate in the cold; and the formula used for battery life

expectancy is a valid one. These burn in tests give us greater

confidence in the ability of the S4s to operate for their designed

battery life time.

3.2 Laboratory Testing

Temperature tests. Temperature tests were performed on all three
S4s to determine the accuracy of their temperature circuits. Testing
was tedious due to the long time constant of the instrument. It takes a
minimum of one hour for the instrument to react to an outside

tenperature change because the sensor is located inside the pressure
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We chose to test the instruments in a small water bath. The

instruments were placed in the bath, and the water temperature was

2

varied in steps from 0° to 200C. A O.OIOC readable NBS traceable
thermometer was used to monitor bath temperature. The S4s were left in
the bath for a full hour at the test temperatures, at the end of which
their output and the thermometer readings were noted.

Temperature variations around the instruments and at the walls of

the bath introduced inaccuracies in the temperature data recorded by the

S4s. Yet the maximum difference between S4s #2 and #3, and the NBS L
thermometer measurements was found to be 0.2°C which 1s within the Efnf
e
specified accuracy of the 54. 3;{%
NS
. e
However, S4 #1, when tested in the same way, showed a constant o~
T
. . . T
offset of +1.2OC. Further testing of the three instruments suspended in RN
g
. I
series from the WHOI dock showed the S4 #2 and #3 temperature data to be ;:«}
T
. Mo
virtually identical, while the S4 #1 temperature data had a constant e
+1.4°C offset. This +1.4°C offset will be used to correct the jf:i
. e
instrument's future temperature data instead of the +1.2°C offset el
because of the small bath temperature uncertainty. To accomplish this qug
Sl
o N
correction, 1.4 will be subtracted from every tenperature data point RN
S A ]
"'\J'\-
during the data offloading of the S4. NN
.y
Pressure tests. S4s #1 and #2 were pressure tested at the Benthos, %;;;
:,\'_\
Inc. pressure facility in North Falmouth, Massachusetts. The accuracy j;ii:
. J_\':_\.
of the pressure monitoring equipment is +/- 3.5 dBars. The specified ;Sﬁ;
k.
accuracy of the S4 is +/- 2.5 dBars with a range of 0 to 1000 dBars. S
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S4 #1 was pressurized to 1000 dBars for 5 minutes at the beginning
of the test to confirm the mechanical integrity of the instrument. At S
the rated full working depth (1000 M.), no physical problems were

. . . NN v
l encountered. A new cycle was then started with the pressure increasing

g

‘3 'i,'-
. 'l. " ':‘l‘

{ from 0 to 686 dBars in 137.9 dBar steps (0 to 1000 psi in 200 psi

steps). The results of both S4s are plotted in Figure 2.
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Evident is the 32 dBar offset at 0 pressure and 46 dBar offset at 686
dBar pressure. Some hysteresis is also apparent in the plot.

S4 #2 was next cycled from 0 to 1000 dBars in 137.9 dBar steps.
There appeared to be a 7 dBar offset at 0 pressure. At rated full
pressure (1000 dBars), the S4 measured precisely 1000 dBars. Some
hysteresis and nonlinearity in the mid-range portion of the curve could
also be seen.

The results show that the differences in the pressure measuring
system of each instrument is significant and that additional data
processing has to be applied to the raw data to compensate for the
offset and nonlinearity in the instruments. InterOcean has since
changed suppliers and now provides a pressure sensor manufactured to
significantly improve performance and quality control specifications.
Calibration curves are also provided with each S4 delivered with the
pressure option.

Tow Tank tests. A series of tow tank tests was performed in the

WHO1 small tow tank in order to measure the instrument drag and
internally record rough speed and direction. The drag, or the net force
in the direction of water flow, on the instrument was found to be a

function of the instrument angle with the vertical. At 2 knots the drag

was 6.3 lbs. when vertical. It decreased to 5.0 lbs. at a 20°
inclination at the same speed. Speed and direction measurenents were
found to be reasonably accurate, with some discrepancies introduced by
the tank metallic frame. The fundamental operation of the instrument
was thus checked and better tests of current measurements could then be

devised and pursued.
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Dock tests. In order to further evaluate the S§4 current meter a -
-'.V
,§ short 3 day deployment was performed off the WHOI dock. Suspended just :{:::
s
¥
3 below the 84 was a VMCM and a tensioning weight to hold the mooring Line _\:55"
vertical. The approximate instrument sensor depths were 2.5m for the S4 s
(SR
and 3.5m for the VMCM. Figure 3 shows the speed and direction time :'.:}'.jj-'
series of the 3 day experiment. It can be noted that the frequency of
:,'.x"
speed fluctuations and the magnitudes of the current are in agreement o
L
» . . ) RN
' during the first day after deployment, but then the speed magnitude LN
A
») e
: differences seem to increase significantly with the VMCM reading about N ?_3
LS
PO/
1 half of the S4 at the end of the record. The speed directions are y
L
.:j consistent throughout the record. This VMCM had been extensively used
L4
, prior to this experiment without refurbishing and was found to nave
~ S sticky bearings after the test.
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Another dock test of three S4s suspended in series was then
conducted for a month. The meters were placed at 2m, 3m, and 4m,
X respectively below the high water line. Results are shown in the time

series of Figure 4. Only two records ar.e shown. The third S4 failed to

record any usable data because of a programming error prior to

¥ WA A

deployment. Excellent correlation of the other two instruments did,
however, exist for the duration of the experiment. The twelve hour

tidal cycle is evident with strong flow to the East for six hours

followed by essentially no flow (less than 5 cm/sec) for the next 6
hours. Monthly moon effects can also be seen in the plot with strong
currents around mid month, and again at the end of the month,

Sea towing tests. Following the two relatively low speed dock

A SNVASIY RIS

A 'y
Bt
X

-~
!

experiments, a short intercomparison test of an S4 and a VMCM was

...,.
’l

.,.‘

performed off the stern of the R/V ASTERIAS while towing at various

b L]
..l.‘.

[ 2N P
ey
RSN

a
iy

AR LN
o

speeds. A 1500 lb. weight was suspended below the S4 and the VMCM

s

(Figure 5). The instruments were then lowered by the ship's winch to

[N

depths of about 4m and 2m, respectively, off the stern quarter. Towing

«Ta e e
Yht

speeds while steaming in one direction were changed from 0 to 8 knots in

2 knot increments. After the run to 8 knots, the ship was slowed, the

'l
.

VMCM hauled out of the water, modified and then lowered again. The S4

g
~a

e Y

1

stayed in the water for the entire test duration. The speed was then

afata
PN

again increased in 2 knot increments to 8 knots and the cycle was

repeated. This cycle was repeated three times as evidenced in the time

e T

series plot of Figure 6.
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At high speeds the VMCM measurements are found to be less than el
S
» .D.)-
those of the S4. This may be explained by the cosine response of the g
AR
WCM as its inclination increases with speed. At the slower speeds, 2 BN
LSRN
to 4 knots, there is, however, good agreement between the two records. ::.‘:-:-:
The high VMCM P
ISR
spikes after the speed decreases are due to the props spinning in air -',.:E::-:.
" 9
just prior to blocking the rotors. There is also a high spike following :r:(\
RCHALY
-
the cage sting modification when the rotors were unblocked and again ;L;'.I:-f
exposed to the wind. Once back in the water the two instruments then ‘-,:,.
, A
agreed again. :\:-:_:
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' A yoyo-ing experiment for 16 minutes at approximately 3 knots boat
speed was conducted by raising and lowering the instruments 3m in a 12
second period. Directions agreed very well as did the recorded speed

‘ although the VMCM was about 3 cm/sec lower than the S4 (about 2% low).
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3.3 Operational Tests

The first actual at sea use of an S4 current meter by WHOI took
place with a factory provided instrument on a subsurface mooring during
a pilot experiment in the Straits of Gibraltar in 1984. Mooring
placement in the Straits was directly on the sill in a very high current
area.

A 200m engineering mooring in 300m water depth was deployed both
with and without rigid fairing on the wire rope to determine how

beneficial the fairing was to mooring performance. The S4 was deployed
both times on this mooring at 150m depth, 50m below an EG&G VACM (Figure

7). The time series plots of the two current meters are shown in Figure
8. These, of course, are not expected to agree because the instruments
were not next to each other on the mooring and a strong baroclinic
current profile is known to exist there. However, some consistency 1is
evident. Indications to date imply that reasonably good data is
recorded by the S4 current meter even in very high current regimes.
Speeds of over 4 knots were recorded by both the S4 current meter and
the VACM.

Another at sea intercomparison between the VMCM and the InterOcean
S4 was conducted on a shallow water surface mooring in Buzzard's Bay,
Massachusetts. The water depth was 14.6m and the experiment lasted
about 45 days in the late Spring of 1985. Instrument layout was as
depicted in Figure 9, with all instruments having the same 4 minute
sampling interval. The S4 was deployed using lithium batteries to
extend its operating life to 50 days. This is 4.5 times longer than the

expected life using alkaline batteries. Unfortunately, the S4 developed
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electrical problems in its depth circuit which increased current drain

from 28 to 75 mA. The S4 prematurely shut down 32 days after
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deployment. Only 20 of these days have reliable data due to the
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eventual deterioration of the internal reference voltage caused by the
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depth circuit malfunction.
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The S4 was also shown to have a clock problem resulting in a
stretched time base. The sampling interval was 4.002 minutes instead of
' 4.000 minutes, thereby, complicating data comparison between the S4 and

VMCMs. InterOcean has since improved the accuracy of the sampling
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clock. The real-time clock and sampling clock now have the same
accuracy of 12 minutes/year.

A portion of the (2) VMCM and S4 speed and direction time series
plots is shown in Figure 10. The VMCM at 12.3m and the S4's time series
of the first 16 days of data were compared. Results show that while the
speed difference between the two instruments decreases with increasing
flow speed, the S4 recorded a higher speed on average over the entire
flow range observed (2 cm/sec. in the 10 to 20 cm/sec range). The

direction difference between the S4 and VMCM does not decrease with

increasing flow speed, but has an overall standard deviation of 8.5°.
Although the cause of these discrepancies is not entirely clear at
present, a simple model of the known under-response of the VMCM suggests
that the absolute accuracy of the S4 may be quite good. Further
information on this experiment can be found in a paper entitled "A VMCM
S4 Current Meter Intercomparison on a Surface Mooring in Shallow Water"

(Beardsley, et al., 1985).
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4. Conclusions and Recommendations

Much has been learned about the relatively new InterOcean S4
current meter. As common with new instrumentation, these current meters
had initial problems. For example, electronic component failures have
caused excessive current drains resulting in early battery depletion
with a loss of data retrieved. A drifting clock caused a time base
difficulty in processing the data when the S4 was run in the "continuous
mode. "

In the Woods Hole Oceanographic Institution's Buoy Group,
experience has shown that problems normally occur, and in fact, are
expected during the early life of a new instrument. It has become a
standard practice to test or "burn in" a new instrument for a period of
six months or more in either a cold (OOC) or room temperature
environment. This practice has been beneficial in forcing lurking
problems to occur, enabling corrections to be made before actual
instrument deployment at sea. Experience with the S4 current meter has
supported this burning in period.

The three standard memory InterOcean S4 current meters tested now
seem to be performing up to their specifications. The current drain is
one of the most obvious indications of a problem and should be checked
periodically. The optional sensors could perform significantly more
accurately with software compensation provided on an individual basis.

In many long term deep sea applications these instruments would be
short of memory and depth capability. InterOcean has recently addressed

both these areas and now offers memory expansion options, including a
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256K memory which would increase the capacity of our units by 400%. The
depth limitation has been overcome by the development of a new S4 which
goes to 6000m by using a 10" glass sphere for a pressure housing and a
titanium mooring rod for a strength member.

The S4 current meters are small and light and therefore easy to
handle both at sea and in the lab. Providing little drag and weight,
the S4 requires less flotation to hold it up in mooring applications.
Additionally, with no external moving parts, the instrument is much less
susceptible to mechanical failures. The S4 seems to work well in both
high speed subsurface and dynamic surface moorings where many other
current meters fall short. These positive qualities make the S4 a

versatile and promising current measuring instrument.
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INSTRUMENTATION AND ACCESSORIES

CURRENT METER

SPHERICAL SOLID STATE SENSOR

ADVANCEMENT IN DESIGN

The S4 current meter is a spherically
solid. microprocessor driven instrument
which records data in any manner de-
sired with high accuracy and reliability
in a sealed easy to use housing.

HYDRODYNAMICALLY
DESIGNED

The S4 has no delicate, moving parts or
fragile sensors. This minimizes the
chance of handling damage or fouling.
The unique grooved surface of the S4
produces stable hydrodynamic charac-
teristics and ensures exceptional linear-
ity and stability.

SOFTWARE CONTROLLED

The EPROM formatted microprocessor
affords unprecedented flexibility and
simplicity of use. The S4’s low power
CMOS microprocessor performs vector
overaging, burst, and adaptive sam-
pling. The instrument can alter its re-
cording format in response to
oceanographic events. Customized pro-
grams can be developed to meet the re-

IS SOLIDLY BUILT

The sphere is made of high strength di-
mensionally stable plastic with a tita-
nium main load bearing shaft. The
compass and all electronics including
data storage and power supply are sealed
within the sphere.

SOLID STATE MEMORY

Information is stored in a solid state
memory for more reliable data storage
and is retrieved through an RS232 port
10 the user’s terminal, computer or other
storage device.

S4 APPLICATIONS

The S4 may be used in any body of wa-
ter. fresh or salt, and depioyed up to
1000 meters deep. It is particularly valu-
able (1) near the surface where the S4°s
excellent horizontal and vertical cosine
response is needed. (2) in low current
regimes where exceptional stability and
resolution are needed. (3) in very high
flow regimes where the S4's low drag
and lack of moving parts permit prac-
tical deployment without concern for
fragility. Options include conductivity,

searcher’s special needs.
pe temperature and depth.
APPENDIX A
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ELECTROMAGNETIC SENSOR

The S4 has been designed to measure
the true magnitude and direction of cur-
rent motion in any ocean environment,
including areas of vertical water move-
ment and low current regimes. Water
flows through the electromagnetic field
created by the instrument, thereby pro-
ducing a voltage which is proportional

to the magnitude of the water velocity. -

This voltage is then sensed by the two
pairs of titanium electrodes located sym-
metrically on each side of the spherical
housing. The S4 is unique in that the in-
strument housing is the sensor. There is
no mechanical motion. protruding parts
Or sensor support structures to interfere
with the flow pattern. There is nothing
to break or foul. This new hydrody-
namic design in which the instrument
body itself is the source of current mea-
surement represents a technological
breakthrough. The S4 has withstood rig-
orous performance testing and achieved
excellent and stable directional re-
sponse. The internal fluxgate compass
operates within specification when the
S4 experiences a full 25 degree tilt
range.
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T INSTRUMENTATION AND ACCESSORIES
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b5 S4 MEMORY MODULE

Powerful Memory Inside

So You Don’t Have To RECORDER
S Open The Case. CMOS static RAM 64 Byte (Optionaliy g
&, 128K Byte) 40.000 N. E Vector aver- -
v aged pairs > | year using 15 minute sam- .
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INSTRUMENTATION AND ACCESSORIES

S4 responses are shown (—*—) ideal responses (—)

Peet
~e0 sceen

+ decztse

- e
It
——

it

— AR ASE SPED T ser

Figure [ shows the S4's linear speed response. Earlier electro-
magnetic sensors have smooth surfaces. Their hydrodynamic
characteristics change at certain turbulence. vibration. and
temperature dependent speeds. resulting in non-linear and un-
stable response. The S4's unique grooved surface products
stable hydrodynamic characteristics and ensures exceptional
lineariry and stabiliry.

Figure 2 displays the S4’s azimuth (horizontal) response in po-
lar form. The speed error is less than 0.7 cm/sec (0.02 ft/sec).
resulting in unusually accurate current measurement. unaf-
fected by current direction.

CUANGLE DEG

|

Figure 3 shows that the S4's tilt response closely approximates
a cosine function, necessary for accurate performance in the
presence of wave or mooring induced vertical motion. Impor-
tant note: the response shown is that of the complete current
meter. not simply that of a current sensor. Other sensors dem-
onstrate comparable responses, but their accuracy degrades
when mounted to buiky and asymmetric housings.
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Figure 4 demonstrates the S4's azimuth response in greater
detail. Note the extreme scale expansion: error is less than
only 0.55 cm/sec (.018 ft/sec).
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Figure 5 depicts current speed and direction recorded during ;-.:.-
the first ocean deployment of the S4. The first half of the graph ,-::_,.
shows the diminishing westward tidal current. The remainder ;\:
shows the increasing easterly current. Note the ability of the 5
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Performance Testing being conducted at National Space Tech-
nology Laboratory.
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INSTRUMENTATION AND ACCESSORIES

ENGINEERING DATA & SPECIFICATIONS

SPEED SENSOR
TYPE: Electro-Magnetic, 2 Axis
RANGE: 0-350 cm/sec (0-11.5 ft/sec)
RESOLUTION: 0.2 cm/sec (0.007 ft/sec)
ACCURACY: 2% Reading +/- 1 cm/sec (0.03
ft/sec)
COMPASS
TYPE: Flux-Gate Magnetometer
TILT: +/-25°
RESOLUTION: 0.5°
ACCURACY: 2°
TIME KEEPING
TYPE: Quartz Oscillator
POWER: Non-restricted lithium battery
LIFE: 5 years. factory set to GMT (may be
reset using a terminal)
ACCURACY: 12 min/year
CONTROL
TYPE: EPROM Controlled Micro-processor
FORMAT: Vector average. burst. adaptive.
combination; externally programmable
and/or default.
POWER SUPPLY
TYPE: Internal batteries (6 alkaline “D™ cells)
(Lithium Optional)
ENDURANCE: 2800 hours continuous operation. 5

years total deployment. with on time
equal to 2800 hours (Lithium option)

RO

PRESSURE (Optional)
TYPE: Semi-Conductor Strain Gauge
RANGE: 0-1000 dBar fothers optional)
RESOLUTION: 1 dBar
ACCURACY: S dBars (Optional. 1 dBar)
TEMPERATURE (Optional)
TYPE: Thermistor
RANGE: -2.51036°C
RESOLUTION: 0.05°C
ACCURACY: +/-0.1°C
RESPONSE
TIME (63%): 1 Minute
CONDUCTIVITY (Optional)
TYPE: Inductive
RANGE: 1-70 mS/cm
RESOLUTION: 0.1 mS/em S
ACCURACY: +/-0.20 mS/cm c:-:'{
NS
MECHANICAL/ENVIRONMENTAL e
SIZE: Sphere. diameter 25 ¢m (10 inch) !:
WEIGHT: Air. 8 kg (24 pounds) Water. 4 pounds AKX
MOORING: [n-line (Optional off-line brackets) R
THROUGH LOAD: 4500 kg (10.000 pounds). working ARk
PAD EYES: Insulating liner. accepts 1.6 cm (% "'.r:-’:
inch) shackle pin Al
MATERIAL: Sphere. glass-filled cycloaliphalic i
¢poxy. mooring rod. titanium 6 AL-4V
DRAG: 8 kg (18 pounds) at 250 emisec (8
ft/sec)
DEPTH: 1000 meters (3200 ft)
TEMPERATURE: Storage. ~40 to +70°C

Operating. -2.5t0 +36°C




Te TV TS R R At VB N e wwmm— s s e

a

s v, v

s NEB. Ty 2

NS LTSI IEED. .

bl R NPT

. e v
'\_t«..

Jefd

13 AW B AN Y AH T

..........

DOCUMENT LIBRARY
August 5, 1986
Distribution List for Technical Report Exchange

Institute of Marine Sciences Library
University of Alaska

O’Neill Building

905 Koyukuk Ave., North
Fairbanks, AK

Attn: Stella Sanchez-Wade
Documents Section

Scripps Institution of Oceanography
Library, Mail Code C-075C

La Jolla, CA 92093

Hancock Library of Biology & Oceanography
Alan Hancock Laboratory

University of Southern California

University Park

Los Angeles, CA 90089-0371

Gifts & Exchanges

Library

Bedford Institute of Oceanography
P.O. Box 1006

Dartmouth, NS, B2Y 4A2, CANADA

Office of the International
Ice Patrol
c/0 Coast Guard R & D Center
Avery Point
Groton, CT 06340

Library

Physical Oceanographic Laboratory
Nova University

8000 N. Ocean Drive

Dania, FL 33304

NOAA/EDIS Miami Library Center
4301 Rickenbacker Causeway
Miami, FL 33149

Library

Skidaway Institute of Oceanography
P.O. Box 13687

Savannah, GA 31416

Institute of Geophysics
University of Hawaii
Library Room 252
2525 Correa Road
Honolulu, HI 96822

Library

Chesapeake Bay Institute
4800 Atwell Road

Shady Side, MD 20876

MIT Libraries
Serial Journal Room 14E-210
Cambridge, MA 02139

Director, Ralph M. Parsons Laboratory
Room 48-311

MIT

Cambridge, MA 02139

Marine Resources Information Center
Bldg. E38-320

MIT

Cambridge, MA 02139

Library

Lamont-Doherty Geological Observatory
Colombia University

Palisades, NY 10964

Library

Serials Department
Oregon State University
Corvallis, OR 97331

Pell Marine Science Library
University of Rhode Island

Narragansett Bay Campus

Narragansett, RI 02882

Working Collection

Texas A&M University
Dept. of Oceanography
College Station, TX 77843

Library
Virginia Institute of Marine Science
Gloucester Point, VA 23062

Fisheries-Oceanography Library
151 Oceanography Teaching Bldg.
University of Washington

Seattle, WA 93195

Library

R.S.M.A.S.

University of Miami

4600 Rickenbacker Causeway
Miami, FL 33149

Library

Naval Oceanographic Office
NSTL Station

Bay St. Louis, MA 39522
ATTN: Code 4601

.....
..........

.....................



30272-101

1. REPORT NO.

REPORT DOCUMENTATION
WHOI-86-42

PAGE

3. Reciplent’s Accession No.

ADAIT 4435

A Performance Update of the InterOcean S4 Electromagnetic Current
Meter

S. Report Dste
October 1986

.

7. Author(s)
P.R. Clay and S.P. Longworth

& Performing Organization Regt. No.
WHOI-86-42

9. Performing Organization Neme snd Address

Woods Hole Oceanographic Institution
Woods Hole, Massachusetts 02543

10. Project/Task/Work Unit Mo.

11. Comtract(C) or Grant(G) Me.

«© NO00014-82-C-0019

©)

12. Sponsoring Organizstion Name snd Address

Office of Naval Research

13. Type of Report & Period Covered

Technical

Environmental Sciences Directorate

14.

Arlington, Virginia 22217

13. Suppiementary Notes

[

This report should be cited as: Woods Hole Oceanog. Inst. Tech. Rept.WHOI-86-42.

u.% (Umit: 200 werds)

into a working instrument.

on the oceanographic user's point of view. These tests, performed by

compared to each other to other types of current meters in various interc

tion, and burning in of new instruments conclude the report. —

This report reviews the working principles of the InterOcean S4 electromagnetic current meter
and outlines the practical difficulties and engineering solutions to convert these basic principles
Presented are the test procedures and results performed on three production units placing emphasis
Moorings Laboratory, Ocean Engineering Departinént, Woods Hole Oceanographic Institution

(WHOI), *include laboratory, dockside, and both surface and subsurface mooring tests. S4s are

Results of this evaluation program are next summarized. Also, suggestions for areas of improve-
ment and further developments are made. Finally, recommendations for the acceptance, calibra-

the Ocean Structures and

omparison tests.

17. Document Anelysis . Oescriptors

1. current meter
2. electromagnetic current meter
3. InterOcean

b. identifiers/Open-Ended Terms

¢. COSATI Fleid/Qrovp

18, Aveliability Stetemen: 19, Security Class (This

UNCLASSIFIE

Report) 21. No. of Pages
D 26

Approved for publication; distribution unlimited. 20. Securtty Clese (This

Poge) 22, Price

(See ANSI-II9.18) Soe inetructions en Reverse

WA N

RO

» '.- ".'.-'_- '.. R -« . '.- & '_- _..'.. '..
S W S PO Rl At JRri SO Sl M, "Wl i, .~ SRRI, S I PR~y

OPTIONAL FORM 272 (&-77)
(Formerty NTIS-3%5)
Department of Commerce




1

PN

SEAACAR
3%

WY v

hl
Ll

- g% -
EABANA)

Y T

o~

SV

~ v~

3

i Shs 5o s

— e
R

FYTIUYY

Pd

v T
-

v
K

t—

G S e e o8

~

PRI

P
e N

e R
LI SRR S T

‘Ii&_«*‘. =

- .

~

1

e

-
.

v r
e

THRAT. ., ® % 5 & ®» & a o mm— —

CELr OISR LS YN S YRS s

hi AN AANRS ( | AT N NN

.
~”

-

I NS

i

N

SRS

NI

LA
S,

. DI R A
AT INNS D YA, WA

A‘.‘ 'L"ni\e Y

P v Ryl

e B ol Sl e B 2

B NS S PR i 5 o S R LIET RS LT 0D,



